ABSTRACT: Twenty-four Dorper × Pelibuey ewe lambs initially weighing 25.1 ± 0.6 kg were used in a 34-d feeding experiment and after slaughter to evaluate the effect of zilpaterol hydrochloride (ZH) on feedlot performance, carcass characteristics, and wholesale cut yield. Ewe lambs were individually housed in pens, blocked by initial BW, and assigned randomly within BW blocks to 1 of 2 treatments: 1) control (no ZH) and 2) supplemented with ZH (10 mg/ewe lamb daily) during 32-d and a 2-d withdrawal preslaughter period. Feeding ZH increased (P < 0.01) final BW, ADG, and G:F of ewe lambs, whereas feed intake was unaffected (P = 0.80). Hot and cold carcass weights, dressing percentage, and conformation score were improved (P < 0.001) when ZH was fed. Likewise, LM area was 3.7 ± 0.41 cm 2 larger (P < 0.001) for ZH than control ewe lambs. Feeding ZH did not affect (P ≥ 0.29) cooling loss, carcass length, fat thickness, or KPH. With exception of peritoneum (P < 0.001), head (P = 0.021), and neck (P < 0.001), ZH did not increase (P ≥ 0.12) noncarcass components or wholesale cut yield percentage. A trend to increase (P = 0.060) loin percentage from HCW was observed in lambs supplemented with ZH. In conclusion, feeding ZH to Dorper × Pelibuey ewe lambs improved feedlot performance and also some carcass traits (HCW, cool carcass weight, dressing percentage, and LM area) of economic importance; however, fat deposition was not affected by ZH.
INTRODUCTION
During the last decade, the number of hair breeds of sheep has increased in several Latin American countries because of their ease of management and resistance to parasites. However, lambs from those breeds have reduced growth rate, carcass yield, and meat quality compared with lambs from wooled breeds (Notter, 2000) . Moreover, reduced ADG, G:F, HCW, smaller LM area (Tejeda et al., 2008) , and greater fat deposition in carcasses (Lind et al., 2011) have been observed for ewe lambs compared with male lambs. Use of growth promoters, such as β-adrenergic agonists (β-AA), may improve growth and carcass characteristics of lambs from hair breeds. Activation of β-receptors in muscle and fat results in increased lipolysis, decreased lipogenesis, increased protein accretion, or a combination of these effects (Mersmann, 1998) .
Zilpaterol hydrochloride (ZH; Zilmax, Intervet, México City, Mexico) is a β-AA that is commercially available in countries such as Mexico, the Republic of South Africa, and more recently the United States. Several studies demonstrated that inclusion of ZH (Aguilera-Soto et al., 2008; Estrada-Angulo et al., 2008; Robles-Estrada et al., 2009b; López-Carlos et al., 2010; Mondragón et al., 2010) in finishing diets improved ADG, G:F, HCW, dressing, and LM area of hair-breed males. However, only a single study by Macías-Cruz et al. (2010) reported effects of ZH on growth and carcass traits of hair-breed ewe lambs. This study was conducted under heat stress conditions and found that supplementation of 10 mg of ZH/animal daily in the finishing diet did not affect ADG, DMI, feed conversion, or body fat deposition, but dressing percentage and LM area were increased. However, there is no information on the use of ZH in moderate environmental conditions. Therefore, the objective of this study was to evaluate the effect of ZH on growth performance, carcass characteristics, and wholesale cut yield of hair breed ewe lambs in moderate environmental conditions.
MATERIALS AND METHODS
All procedures involving ewe lambs were conducted within the guidelines of approved local official technique of animal care in México (NOM-051- ZOO-1995: humanitarian care of animals during mobilization; NOM-033-ZOO-1995: slaughter of domestic and wild animals).
Animal, Housing, and Treatments
Twenty-four Dorper × Pelibuey crossbred ewe lambs (25.1 ± 0.6 kg, 4 mo of age) were used in a 34-d feeding study. Lambs were born in December 2009 and were weaned at 3 mo of age in March, 2010. The experiment was conducted at the Sheep Experimental Unit of the Instituto de Ciencias Agrícolas, at the Universidad Autónoma de Baja California (ICA-UABC), in the southeast of Mexicali Valley, northwestern México (latitude 114.6° and longitude 32.8°). Even though the area of study has desert conditions with extreme temperatures during summer and winter, the experiment was conducted during spring, under thermo-neutral climatic conditions (average ambient temperature 21°C). Thirty-five days before beginning the study, ewe lambs were adapted to the basal diet used in the experiment. All animals received injections (intramuscular) of vitamins A, D, and E (Vigantol, Bayer, México City, México; 1 mL/animal) and were treated for internal and external parasites (Ivermectin, Sanfer Laboratory, México City, México; 0.5 mL/animal). Ewe lambs were individually housed in pens equipped with shade, feed troughs, and waterers.
At initiation of the feedlot phase, each ewe lamb was individually weighed and that BW was used as the blocking factor. Pairs of ewes of similar BW were randomly assigned to 1 of the following 2 treatments: 1) basal diet without ZH (control group) and 2) basal diet supplemented with 10 mg of ZH/ewe daily (ZH group). To ensure a total intake of ZH in the treated group, it was mixed into 50 g of wheat grain and offered before the basal diet during the morning feeding. At the same time, the control group was fed only 50 g of wheat grain without ZH. Table 1 shows ingredients and chemical composition of experimental diets. Lambs were fed twice daily (0700 and 1500 h) in a 40:60 amount proportion, respectively. The health status of ewe lambs was monitored daily. The ZH was withdrawn on d 32 of the feedlot phase (i.e., 48 h before slaughter).
Feedlot Performance
Ewe lambs were weighed individually on initiation and termination of the 34-d feeding study before the morning feeding. The amount of feed offered and refused was weighed and recorded daily to determine feed intake. Also, feed offered to each ewe was adjusted to minimize refusals (<5.0%). Two samples per week of feed offered were collected and dried in forced-air oven at 60°C for 24 h to determine DM content. These samples were stored for subsequent chemical analysis. Initial BW was reduced 4% to adjust the gastrointestinal fill, and all ewes were fasted during 24 h before recording the final BW. From data collected, ADG and G:F were calculated.
Carcass Characteristics
At the end of the 34-d feeding period, ewe lambs were slaughtered in the Meat Laboratory of the ICA-UABC. Feed and water were withdrawn 24 h before slaughter. At slaughter, the skin, head, rumen, small intestine, peritoneum, heart, liver, lungs, kidney, and KPH were weighed. All gastrointestinal organs were weighed empty. Conformation was evaluated using a numerical scale from 1 (bad, thinly muscled throughout) to 10 (excellent, thickly muscled throughout) based in the methodology reported by Smith et al. (2001) . Also, HCW were recorded and carcasses were then chilled for 24 at 4°C. After chilling, cool carcass weight (CCW) and carcass length (from the last cervical vertebra to the last sacral vertebra) were obtained, and each carcass was ribbed between the12th and 13th to determine LM area using a dot square grid (64 mm 2 ). Back-fat thickness was also measured at the same location. Finally, carcasses were divided into wholesale cuts ( Figure 1 ). The forequarter was divided in neck, ribs, loin, and shoulder, whereas the hindquarter in legs, plane loin, and sirloin. Each wholesale cut and the KPH was expressed as a percentage of HCW, whereas noncarcass components (skin, head, rumen, omasum, abomasum, reticulum, small intestine, peritoneum, heart, liver, lungs, and kidney) were expressed as a percentage of final BW. Likewise, dressing percentage was calculated expressing HCW as percentage of final BW. Cooling loss also was calculated by difference between HWC and CCW.
Statistical Analysis
The study variables of feedlot performance, carcass characteristics, noncarcass components, and wholesale cuts were analyzed by ANOVA appropriated for a randomized complete block design using the mixed models procedure (SAS Inst. Inc., Cary, NC). Ewe lamb was the experimental unit. The model included treatment as fixed effect and block as random effect. When significant (P < 0.10) F-statistics were noted, means were separated using the PDIFF option of the LSMEANS statement. Effects were considered significant when P ≤ 0.05.
RESULTS
Effects of ZH on performance of hair-breed ewe lambs are presented in Table 2 . Initial BW was similar (P = 0.868) between groups. No ZH effects (P = 0.80) were observed on daily feed intake. Final BW (38.4, and 34.5 ± 0.36 kg) and ADG (242, and 304 ± 10.3 g/d) were greater (P ≤ 0.002) for ZH than for control ewes. In addition, G:F was greater (P < 0.001) for ZH ewe lambs compared with control.
Effects of ZH on carcass characteristics of ewe lambs are presented in Table 3 . Hot carcass weight, CCW, and dressing percentage were greater (P < 0.001) for ZH than for control ewe lambs. Additionally, improved conformation (P < 0.001) and larger LM area (P < 0.001) were observed in carcasses of ZH lambs compared with control lambs. Cooling loss (P = 0.29), carcass length (P = 0.83), fat thickness (P = 0.50), and KPH (P = 0.75) were not affected by ZH.
Effects of ZH on percentage of noncarcass components are presented in Table 4 . Peritoneum (P < 0.001) and head (P = 0.02) were lighter for ZH than for control lambs. However, ZH had no effects (P > 0.25) on rumen, omasum, abomasum, small intestine, skin, heart, liver, kidney, and lungs.
Effects of ZH on wholesale cut yield are presented in Table 5 . Neck was lighter (P < 0.001) and loin tended to be greater (P = 0.06) for ZH that control lambs. Other wholesale cuts were not affected (P ≥ 0.12) by ZH.
DISCUSSION
Administration of β-AA appears to increase efficiency of growth by preferentially stimulating skeletal muscle Mondragón et al., 2010 ). In the current study, ewe lambs fed ZH had greater ADG, final BW, and G:F, although feed intake was not affected by ZH. However, Macías-Cruz et al. (2010) , using the same amount of ZH to ewe lambs during summer, reported no effect on feedlot performance of Dorper × Pelibuey ewe lambs, attributing these results to the severe hot climatic conditions registered during the study. Possibly, in that study ZH did not function to improve lambs growth because physiologic and endocrine modifications by effect of the heat stress produced a reduction in receptor numbers in the skeletal muscles and adipose tissue (Ekpe et al., 2000) . The mechanism of a β-receptor agonist in vivo may be extremely entangled with some or even most of the ultimate effects resulting from secondary events caused by hormonal or physiological responses of numerous tissues to the β-receptor agonist administered (Mersmann, 1998) . Also, Aguilera-Soto et al. (2008) and López-Carlos et al. (2010) reported that inclusion of ZH during the last 28 or 30 d of finishing did not affect growth traits of hair-breed male lambs and crosses of hair and wool breeds. Discrepancies among studies reflects complexities of drug action in vivo, and several factors have influenced results such as dose, breed, age, sex, management, diet, and environmental conditions, among others (Moody et al., 2000) . However, in studies using feedlot steers and heifers, increased ADG, and improved feed efficiency are common results observed. These responses to ZH or to ractopamine hydrochloride (Walker et al., 2010) have been more variable in heifers and are attributed to physiological changes in the animals (e.g., hormonal status, reproductive status), not necessarily to the effectiveness of the β-AA. In general, results of feedlot performance in this study show that addition of ZH is favorable to improving growth rate and feed efficiency of ewe lambs under thermo-neutral conditions.
The addition of ZH to the finishing diet of ewe lambs 34 d before the slaughter improved HCW, CCW, dressing percentage, conformation score, and LM area com- pared with ewe lambs not supplemented with ZH. All these changes are attributed to the anabolic effect that ZH exerts on muscle including muscle fiber hypertrophy, change in muscle fiber type frequency, differential rate of muscle RNA and DNA, and protein accretion (Beermann, 2002) . The increase in carcass weight, conformation score, and LM area showed the capacity of ZH to improve muscle area in lamb carcasses. Furthermore, these results reflect that the increase in BW induced by ZH was due mainly to the greater proportion of muscle mass than adipose tissue. Beta-adrenergic agonists are known to increase circulating concentrations of GH and thyroxin, and decrease concentrations of insulin and IGF-I in lambs (Beermann et al., 1987) . Consistent with our results, Macías-Cruz et al. (2010) found that carcasses from Dorper × Pelibuey ewe lambs under heat-stress conditions supplemented with 10 mg of ZH/animal daily had greater HCW, CCW, dressing percentage, conformation, and LM area than ewes fed without ZH. Using another β-AA, Nourozi et al. (2008) (2008) and Robles-Estrada et al. (2009b) , using Rambouillet × Pelibuey and Pelibuey × Katahdin male lambs, did not observe an effect of ZH supplementation on HCW, LM area, and dressing percentage. These variations among studies can be due to differences in sex, genotype, or diet. Additionally in this study, fat thickness and KPH were not affected by ZH. These results agree with effects of ZH on fat deposition of finishing ewe lambs under heat stress (Macías-Cruz et al., 2010) . In general, several studies in the literature in which effects of ZH were evaluated on deposition of internal fat in heifers and culled cows agree with the results of the present study Neill et al., 2009; Robles-Estrada et al., 2009a; Strydom and Smith, 2010) . Zilpaterol is considered a repartitioning agent that primarily functions through an increase of protein deposition, whereas other composition factors such as moisture, fat, and ash seem to be minimally affected (Leheska et al., 2009) .
Results on noncarcass components are consistent with others results previously published using hair-breed ewe lambs under heat stress conditions (Macías-Cruz et al., 2010) . Similarly, Holland et al. (2010) reported no effect of ZH on noncarcass components of beef steers. Reeds and Mersmann (1991) found that the β-AA receptors are mainly distributed in skeletal muscle whereas in smooth muscle the presence of these receptors is small, which explains why the weights of rumen, omasum, abomasum, small intestine, skin, head, heart, liver, kidney, and lungs expressed as a percentage of final BW were not affected by ZH supplementation. Surprisingly, in this study a decrease was observed in head and peritoneum percentage by ZH supplementation. Montgomery et al. (2009) hypothesized that the increase in HCW and dressing percentage observed in cattle fed ZH could be due to a shift in mass from noncarcass to carcass tissues, especially from visceral organs, or more substrate repartitioning in carcass than in noncarcass tissues. Therefore, that hypothesis suggests a reduction in weight of noncarcass components in ZH ewe lambs as a consequence of an increase in carcass muscle mass. However, Montgomery et al. (2009) raised this hypoth- esis based on results from pigs (Hansen et al., 1994) and mice (Sharma et al., 1997) , where liver and kidney weight decreased significantly by oral administration of clembuterol and salbutamol. However, no effect of ZH was observed on visceral organs in this study.
Information concerning the effect of ZH on wholesale cut yield in sheep is very limited; however, in cattle extensive data are available, but results are not consistent. In the present study, wholesale cuts were not affected by ZH, with the exception of neck yield, which decreased (based on HCW) with feeding ZH. The percentage of loin tended to be greater in ewe lambs fed ZH. The variation in response to ZH supplementation among wholesale cuts obtained from lamb carcasses is attributed to the muscle fiber type that it is present in each cut. Walker et al. (2010) reported that type II muscle fibers showed a greater response to β-AA stimulation, and therefore, muscle and wholesale cut with a greater amount of type II fibers will have a greater response to ZH supplementation, such as that observed in loin. Using cattle and in agreement with the results of neck cut percentage, Plascencia et al. (2008) also observed a negative effect of ZH on some wholesale cuts as bone-in round, trimless brisket, boneless short loin, chuck roll, flank steak, short, and plane. Similarly in a previous study from our group, reduced percentages of forequarter, neck, and shoulder in ewe lambs fed ZH were found in relation to the control group (Macías-Cruz et al., 2010) .
In conclusion, feeding ZH to Dorper × Pelibuey crossbred ewe lambs improved ADG and feed efficiency without affecting feed intake. Likewise, adding ZH to the finishing diet was favorable to increase HCW, CCW, dressing percentage, and LM area, which are carcass characteristics of economic importance for the sheep industry. Finally, ZH supplementation did not affect yield of wholesale cuts.
